Background: Anterior inferior cerebellar artery (AICA) aneurysms are rare and published clinical experience with these aneurysms is limited. Objective: The objective of this article is to report angiographic characteristics and results associated with premeatal, meatal and postmeatal segments, surgical and endovascular therapies. Methods: A literature review was performed through PubMed using ''anterior inferior cerebellar artery aneurysm'' through January 2016. Clinical data, angiograms, management techniques, and patient outcomes were reviewed for 47 collected cases in 30 previous reports. Results: Of these aneurysms, 21 (44.7%) were associated with meatal segment, 10 (21.3%) were postmeatal and 16 (34.0%) were premeatal. Patients with meatal aneurysms are more likely to present with subarachnoid hemorrhage and hearing loss and facial palsy (77.8%). Patient outcomes of meatal aneurysms presented with more neuropathies (51.7%) and cerebellar symptoms (14.3%) (p ¼ 0.049). Four cases of meatal aneurysm with preoperative cranial nerve deficits (two VII and two VIII) showed improvement after surgery. Endovascular treatment achieved outcomes similar to surgical treatment (p ¼ 0.327). Conclusions: AICA aneurysms have a predilection for meatal segment. Patients with meatal aneurysms are more likely to present with subarachnoid hemorrhage and hearing loss and facial palsy. Patient outcomes of meatal aneurysms presented with more neuropathies and cerebellar symptoms. Endovascular treatment achieved outcomes similar to surgical treatment.
Introduction
Anterior inferior cerebellar artery (AICA) aneurysms are so rare that published experiences are limited to case reports and small patient series. The description of AICA aneurysms in many of these reports is imprecise. 5, [10] [11] [12] [31] [32] [33] Several therapeutic options exist, encompassing microsurgical and endovascular techniques. However, the rarity of AICA aneurysms results in limited experience in treating these lesions, even in large tertiary care centers. This review will demonstrate its application to 47 AICA aneurysms in published reports to better understand these unusual lesions.
Methods
A literature review was performed through PubMed using ''anterior inferior cerebellar artery aneurysm'' through January 2016. Clinical data, angiograms in articles, management techniques, and patient outcomes were reviewed for 47 collected cases in 30 published reports. [1] [2] [3] [4] [5] 7, 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [31] [32] [33] AICA aneurysms associated with arteriovenous malformation (AVM) and Moyamoya disease were excluded. 
Definitions

Statistical analysis
Aneurysm locations and treatment modalities were analyzed to determine the risk factors associated with complications using the Chi-square test.
Results
There were 32 women (68%) and 15 men (32%), with a mean age of 53 years (range, 16-83 years). Thirty-six patients (76.6%) presented with ruptured aneurysms, of which nine (25%) were accompanied by additional cranial nerve deficits, and 11 (23.4%) were unruptured, of which five were incidental and six were V, VI, VII and VIII cranial neuropathies. Fusiform aneurysm was reported in 14 aneurysms (29.8%), saccular aneurysm in 29 (61.7%) and four (8.5%) could not be determined. The mean aneurysm size was 6 mm (range, 1-20 mm) in 39 cases and was not reported in eight cases. Of these aneurysms, 21 (44.7%) were associated with the meatal segment, 10 (21.3%) were postmeatal and 16 (34.0%) were premeatal (Table 1) . Patients with meatal aneurysms are more likely to present with subarachnoid hemorrhage and hearing loss and facial palsy (77.8%).
Twenty AICA aneurysms were on the left side, 18 on the right side and nine were not reported. Aneurysm type was not related to their locations (p ¼ 0.623).
Surgical management of AICA aneurysms
Eight aneurysms were treated with direct clipping, 10 with trapping, one with trapping plus bypass and two with resection plus end-to-end suture ( Table 1) . Nearly all premeatal aneurysms were treated by trapping and only 40% of meatal aneurysms were treated by trapping. Surgical bypass in combination with aneurysm trapping was performed for one only case of meatal aneurysm, but many (47.6%) AICA aneurysms can be treated with trapping alone.
Endovascular management of AICA aneurysms
Four aneurysms were treated with coiling, three with stent-assisted coiling and 14 with AICA occlusion using coils/n-butyl cyanoacrylate (NBCA). Nearly all postmeatal aneurysms needed AICA occlusion.
Complications
There were 42 AICA aneurysms treated surgically and endovascularly. There were nine endovascular cases between 1989 and 2009 and 12 endovascular cases between 2010 and 2015. This showed an endovascular advancement in AICA aneurysm treatment (p ¼ 0.028). Treatment-related complications included 10 cases of cranial neuropathies (VI in one case, VII in three cases, VIII in six cases) and nine cases of cerebellar infarction. Endovascular treatment and aneurysm location were not associated with complications (p ¼ 0.346 and p ¼ 0.425).
Angiographic results
Forty (87.0%) of the AICA aneurysms were completely occluded after management and one had a small neck remnant, which was recoiled after rebleeding, and one was partially occluded. One was not reported. In four observed cases, one patient died of aneurismal bleeding and three spontaneously thrombosed.
Clinical outcomes
Clinical outcomes were not reported in eight patients. Two patients died, one caused by bleeding of an untreated AICA aneurysm, and the reason could not be confirmed in the other one. Of the remaining 37 patients, mRS 0 was observed in 17 (46.0%) patients, mRS 1 was observed in 16 (43.2%) patients and four (10.8%) patients had mRS 2. All mRS 1 patients presented with V, VII and/or VIII cranial nerves deficits. Four mRS 2 patients were affected by cerebellar infarction. Overall, the 37 patients improved (mean duration of follow-up, 12 months; range, 0.5-42 months). Patients with meatal aneurysms presented with more neuropathies and cerebellar symptoms than patients with pre-and postmeatal aneurysms, with 51.7% vs 28.6%, 25.0% and 14.3% vs 0% and 0%, respectively, p ¼ 0.049. Four cases of meatal aneurysm with preoperative cranial nerve deficits (two VII and two VIII) showed improvement after surgery treatment and surgery was associated with this improvement (p ¼ 0.035), which was not associated with meatal location (p ¼ 0.088). Endovascular treatment had less chance of preoperative cranial nerve deficit improvement and ultimately achieved late outcomes similar to surgical treatment (p ¼ 0.327).
Discussion
The application of segments to AICA aneurysms defined the meatal segment of AICA as the most common site of AICA aneurysms. We believe that this segmentation into premeatal, meatal and postmeatal categories is equally useful for neurosurgery and neurointervention and our investigation with AICA aneurysms demonstrates its clinical implication (Figure 1 ). Previous investigations with AICA aneurysms introduced the segmental anatomy of the AICA. For example, Peluso et al. 24 localized distal AICA aneurysms to the ''rostral trunk'' and ''caudal trunk,'' but it is unclear where along its course a particular meatal segment is, and where the aneurysm lies along the trunk. Some previous reports describe distal AICA aneurysms only as ''distal,'' without further localization. 5, [10] [11] [12] 18, 21, [25] [26] [27] 29, [31] [32] [33] Bambakidis et al. 3 reviewed the literature for distal AICA aneurysms and each investigator group subdivided these aneurysms into three types based on location outside the internal auditory meatus, partially inside the meatus, or fully inside the meatus. One described these variations as ''remote,'' ''plugged'' and ''buried,'' whereas the other described the same variations as type I, II and III. Although these classifications have important surgical implications, they complicate surgical reporting and do not adapt to neurointervention insight. The management strategies for treatment differ according to the location and configuration of the aneurysm. Because most premeatal aneurysms arise proximally, microcatheter navigation into the aneurysm dome is often feasible and lies in a confined narrow space in the prepontine cistern, thereby restricting surgical treatment. It is clear that coil embolization is a valuable treatment option that often should be considered first-line management for these lesions, although complete obliteration of the aneurysm sac is impossible sometimes without jeopardizing parent vessel patency. In both the surgically and endovascularly groups treatment is more consistent with treatment for dissections. In the surgical group there is a far larger proportion of patients who had trappings/ bypasses/resection with end-to-end suturing and in the Figure 3 . A case of postmeatal aneurysm, which was inaccessible endovascularly by a Marathon microcatheter (ev3) and for which segmental Onyx occlusion was an alternative. The anterior inferior cerebellar artery (AICA) was small and the posterior inferior cerebellar artery PICA was large, which indicated the collateral circulation is likely to be good, creating a favorable environment in the event of AICA occlusion at intervention. endovascular group stent-assisted coiling/parent artery occlusion (PAO) or even conservative treatment. All of this would indicate that the vast majority of these aneurysms are in fact dissections. It may have been that even those aneurysms treated by clipping/coiling were just dissections amenable to that treatment.
Meatal and postmeatal aneurysms are often wide neck or fusiform, making this type of lesions difficult to preserve the parent artery, either by clipping or coiling. These efforts yield VII/VIII cranial nerve deficits and cerebellar infarction. These aneurysms can be technically difficult to manage surgically because of tight adhesion to the surrounding structures including the nerve complex ( Figure 2 ). Because of the small space, in situ clipping was impossible. 6 The internal auditory artery, the location of which may vary, was not identified during surgery. Trapping is considered the only treatment for most of these aneurysms. 8 PAO using coils, glue or Onyx is the main technique in endovascular treatment of these aneurysms. 5, 9, 19 Segmental occlusion can be the best alternative and might be better than incomplete intra-aneurysmal embolization (Figure 3 ). Although several cases with preoperative eighth cranial nerve deficit showed improvement after surgery, there are no outcome differences between surgery and endovascular treatment. The endovascular treatment appears simpler than surgical treatment for aneurysms located at the meatal and postmeatal portion of the AICA. 5, 14 
Limitations
This study is a review of previous literature and is subject to biases. It was not large enough for meaningful subgroup analysis. The effect of segmental aneurysm location on outcome could not be determined with statistical significance.
Conclusion
AICA aneurysms have a predilection for meatal segment. Patients with meatal aneurysms are more likely to present with subarachnoid hemorrhage and hearing loss and facial palsy. Patient outcomes of meatal aneurysms presented with more neuropathies and cerebellar symptoms. Endovascular treatment achieved outcomes similar to surgical treatment.
